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1.  Pref aoe 

The  V-A  weak  coupling  Interaction  —  pointed  out  by 
Feynman  and  Gell-Mann,  and  Sudarshan  and  Marshak  —  has  been 
verified  by  Beta-decay  experiments*  In  our  work,  we  (the 
authors)  feel  that  all  weak  coupling  Hamiltonians  have  the 
same  form;  therefore,  the  (Fermi)  Universal  Theory  of  In¬ 
teraction  is  presented# 

Some  particles  —  such  as  nucleon  —  interact  rather 
strongly  with  *te  meson  and  K  meson;  other  particles  —  such 
as  mu-meson  —  do  not  manifest  this  type  of  interaction* 

Due  to  the  strong  effects  of  this  interaction  the  physical 
nuclei  and  the  mu-meson  will  have  different  kinds  of  decay. 
Although  the  form  of  the  Hamiltonian  equation  is  the  same 
in  both  Instances,  the  weak  coupling  constant  might  be  dif¬ 
ferent#  The  change  of  the  coupling  constant  due  to  these 
strong  interactions  is  termed  the  regulated  effect# 

Let  the  Hamiltonian  density  of  the  mu-meson  oapture 


by  the  nucleus  be 


where  J. 


22  February  1959# 


is  the  electric  current  vector  of  the  weak  nuclear  interac¬ 
tion;  g -  is  the  unregulated  coupling  constant;  the  indices 
of  the  lower  right-hand  corner  of  the  field  value  yr  indicate 
the  different  particles  with  fa,  v,  p>  n;  T^a  i® 
representation.  In  Eq.  (1),  the  Hamiltonian  density  Is  bal¬ 
anced  with  a*  .  *  „  .  .  . 

Let  the  Initial  state  of  the  atomic  nucleus  be  |I>  , 
and  let  the  final  state  be  lf>  *  The  A  -meson  starts  at 
the  lowest  Bohr  orbit  (disregard  the  change  of  the  fa  meson 
wave  function  p  (x)  on  the  atomic  nucleus)*  from  which  we 
can  formulate  the  fa  meson  capture  by  the  atonic  nucleus  due 
to  the  shifting  of  orbits  as  shown  below  /"see  Hoteys 


where  Uu  is  the  fa  meson’s  Dirac  spin  moment,  its  relative 
momentum  PA  =  0,  energy  pA0»  mA  (mA  is  the  mass  of  the  meson 
at  rest);  §*111  is  the  Dirac  spin  value  of  the  neutrino, 
and  Its  kinetic  energy  vector  is  k*  Eq*  (2)  is  derived  from 
the  first  order  process  of  Eq*  (1),  with  respect  to  the  weak 
interaction*  In  order  to  integrate  all  the  results  of  the 
strong  Interactions  in  the  calculation,  the  tfa(x)  in  Eq*  (2) 
Is  from  Heisenberg's  expression  (for  strong  interactions), 
and  and  |f^  are  the  state  vectors  of  the  atomic  nucleus 
(including  the  meson  cloud  interaction)* 

(/wote/  Prom  now  on,  we  use  the  unit  systemft=c=  1, 
a«b  a*b  m  a0b0,  a  and  a-,  respectively,  are  the  space  and 
t omp onent s  of  the  four-dimensional  vector  a*)* 

Based  on  the  property  of  the  strong  interaction, 
there  Is  no  effect  on  the  moving  group;  therefore,  we  have 


where  ^  Is  the  klnetio  energy  of  the  atomic  nucleus*  The 
initial  state  and  final  state  of  $  and  p*  and  p^,  respec¬ 
tively*  .  Substituting  Eq*  (5)  into  Eq*  (2),  we  obtain 

Let  us  first  examine  a  situation  concerning  fa~  meson 
capture  by  the  proton*  The  Initial  state  Is  the  physical 
proton,  and  the  final  state  is  the  physical  neutron*  Ac¬ 
cording  to  the  Invariance  of  the  theory  of  relativity, 
<f|Jali>,  should  be  a  four -dimensional  vector,  and  its  most 
conmon  form  is  . . . ; 

(2*)  |  Ja  i  p)>  — ^'8  (f>*)  ifcf + 


L 


where  ub)  is  the  Dirac  spin  momentum, Pn  and  PnJJr® J?1?*- 
kinetic  energy  vectors  of  the  initial  stlt e^prot on  ^ and 
final  state  neutron;  Mis  the  mass  of  the  nucleus,  8»a-i 
e,  d  and  f  are  the  quantities  of  the  function 

■  * I  *?*'*£&*-•  ' 


'  Prom  the  current  density  of  the  original  Hamiltonian 

Jo  ( x)  ,  there  are  the  following  symmetrical  PI’®Pertle? :  leJ 

pi  and  n-  represent  the  charge  conjugates  of  the  proton  and 
neutron,  respectively  (or  their  their  anti-particles)#  Af¬ 
ter  exchange  ^  the  vector  of  the  weak 

interaction  current  ?£tx)rtjfc{-x)  ehahgea.sign,  .W 
pseudo-vector  week  Interaction  current  &O00 

not  change.  So,  in  <n|  Ja(x)  |p>,  the  same  properties  should 
be  present#  This  is  due  to  the  relati onahip . between  the 
strong  interaction  and  the  above  exchange#  Prom  this  we 

can  prove  that  c*d*0#  .  •  .  . 

If  the  strong  interaction  is  not  present,  from  Bq# (1) 

and  Bq#  (2),  we  should  get 

In  other  words,A  and  f-  should  equal  zero,  and  gacgp, 
X^l#  Generally  speaking,  the  strong  interaction  not  only 
changes  the  value  of  g0,  it  could  also  add  new  terms  of  cur- 


rent#  " 

If  we  consider  the  presence  of  a  strong  interaction, 
then  it  should  not  be  too  surprising  if  we  notice  the  exist¬ 
ence  of  a  very  large  anomalous  magnetic  moment  in  the  nu¬ 
cleus#  During  the  electro-magnetic  interaction,  we  have  not 
only  the  normal  oharge-induced  current,  but  also  a  current 
Induced  by  the  anomalous  magnetic  moment#  Similar  phenom¬ 
ena  appear  in  the  decay  problem  too#  Since  the  electro¬ 
magnetic  interaction  current  Is  a  vector  quantity,  many 
properties  of  the  current  vector  in  the  weak  interaction 
are  similar  to  the  eleotro-magnetic  interaction  current# 

We  can  designate  g  as  the  Beta-eharge,  and/i>  as  the  Beta- 

moment  (anomalous)#  ^  ^ 

Prom  the  law  of  constant  current,  the  existence  of  a 
strong  interaction  in  the  electro-magnetio  interaction  does 
not  effect  the  charge  of  the  atomic  proton  and  the  positron# 
Likewise,  the  charge  of  the  other  particles  not  possessing 
a  strong  interaction  —  such  as  electrons  —  remains  un¬ 
changed  with  the  strong  interactions#  The  strong  interac¬ 
tion  only  changes  the  magnetic  moment  of  the  physical  nu¬ 
cleus.  Likewise,  in  the  weak  interaction,  Gell-Mann  and 
Peynman  discovered  from  decay  of  the meson  that  they  could 
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theorize  ^the  coupUns  constant 

plaLtlonhof°thla  ^henomeno^  F-^suggeated  the 

that  the  current  vector  In  the  weak  interact: lon^ ^  lBtw_ 

Under  this  assumption,  ib®  electro-magnetic  inter- 

vSSS?Sss^ 

isKsr S^rSrrr« 

*~R  oftt  nucleus  and 

the  “«rHafcug« 

S®Sj2astfJsr^s&2S:. 

CSTJSSA  Se^lKldW^Sefgt^  the 

rsr^"is.'6i5ss 

purpose^  of  thi s  paper  Is  to  Complete  this  problen.  In  order 
? _  ft*.  the  most  general  result,  in  this  paper  we  wiix 

consl^rnot  only  the  eff ect  of  the  Be ta-magn at icmome: at, 

but  also^  section  two!  we1* shall  approach  the  general  formu¬ 
lae  of  capture  probability,  the  angular  relationships  be¬ 
tween  neutrons  and  the  polar ized/u,  and  polarized  neu  r 
In  section  three,  we  shall  take  up  the  formulae  for  fc“® 

probability  of  the  /*•"  capture  by  the  ? 

?» and  the  polarised  neutrons#  In  section  four,  we 

shall^discuss^the  /*  meson  capture  by  the  Radon^mcleus.  In 
section  fire*  we  stall  discuss  the  A  »®“on  capturs  by  the 
atomic  nucleus#  ; 

2,  General  Formulae  for  Mu  Minus  Meson  Capture  by  Ruelei 

if  we  represent  the  weak  nuclear  interaction  current 
in  the  nuclear  self-spin  space,  we  obtain 

(7) 

where <r  represents  the  nuclear  self-spin t 
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In  obtaining  *q.  <8),  “•rf£r!0*lL^M',^o!  **"“ 
;S°Cth7US  o?Scon,.nleno. ,  let  A'  rapra.ent 

A+1’  ai?n1p«preaenting  the  A  ™*°”  “j  fXSl^fomf1” 

space*  Eq.  (8)  can  be  expressed  ill  the  following  form. 


^  n  la  the  trait  vector  parallel  with  the  neutrino  fflc- 

mentunTkt  In  order  to  dlstln^lsh.  J^^in^^the' 

iPn  Tq\  gtl  Is  used  to  ret>tf©fl6Bt  the  selr-*spin  or  tne 

A  meson  and  tmllllo.  Prom  19);  «  ...  *■»£«*  l 

are  the  self -spin  spaces  of  SSJSar self-snin 

spectively*  They  are  Independent  of  the  nuolear  seir  spi 

and  co“g^d^^;t®|*hav.e  oniy  considered  A"  meson  captureby 

the  proton.  When  we  treat  the  nuclear  ?e  *toBl 

and  assume  as  only  nominal  the  effects  of  other  nuclei  on 
the  meson  cloud  of  the  physical  nucleus  ,  then  the  A  meson 
capture  by  the  atomic  nucleus  is  proportional  to  the  fol¬ 
lowing  fomulas  •/  _*.r#  • 

*  Mr  do) 

where  Tw(  j )  is  the  isotopic  spin,  of  a  neutron  which  Is 

changed  from  a  proton.  If  J fche  atlon' If^t 

it  Ganges  to  a  neutron  after  the  v*(  j )  Interaction.  _ir  it 

is  a  neutron,  then^Cj)  would  produce  a^  result  of^ero, 
ft.  and  ftp  are  the  wave  functions  of  the  initial  -it  ate  and 

the  fina?  state,  respectively,  of  the  i ^fiSTthe1 
general,  neutrons  have  enough  energy  to  osca^ofrcmthe 
atomic  nucleus.  So  the  final  state  wave  function  includes 
the  escaped  neutrons  and  residual  nuclear  wave  functions. 
Since  we  have  partitioned  out  the  central  mass  women  in  _ 
Eq.o  (4),  tt  consists  only  of  the  relative^co-ordinates  of  tie 
neutrons  and  the  residual  nucleus.  Therefore,  it  depends 
only  on  the  magnitude  of  the  relative  momentum  P*2Pn+k. 
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Considering  the  property  of  anti -symmetry  of  the  wave 
function,  Eq,  (10)  can  be  written  in  the  following  form: 


where 


(ID 


(12) 


where  H  is  the  number  of  the  nuclei  in  the  atomic  nucleus. 
Lets*,  be  the  self -spin  value  of  the  escaped  neutrons. 

Using  Eq,  (11),  we  can  write  Eq,  (4) 

'  ;  (13) 

tfotiee  that  «p(x)  is  the  wave  function  of  the >6.  meson 
on  the  lowest  Bohr  orbit;  therefore, 

■  (14) 

where  a0  is  the  Bohr  radius  of  the  hydrogen  atom,  Z  is  the 
charge  of  the  atomic  nucleus.  From  Eq.  (13)  and  Eq.  (14), 
it  is  easy  to  arrive  at  the  probability  and  angular  rela¬ 
tionships  of  the  yd*”  meson  capture  by  the  atomic  nucleus. 

If  the  atomic  nucleus  is  in  the  Initial  and  non-polarized 
estate,  we  obtain  .  _.v 

(is) 

where  is  the  polarised  vector  of  the  A”  meson  at  the  ini¬ 
tial  state;  J  is  the  sum  of  the  angular  momenta  of  the 
atomic  nucleus  at  the  initial  state;  Sp  is  the  average  mag¬ 
netic  exponent  between  the  initial  and  final  states. 

We  can  express  the  polarized  vector  of  the  neu-i 

tron  in  the  following  formula: 

; ,  [8pB(i  +**‘*J**&*  '  (16) 

The  next  problem  is  to  find  Sp.  W©  average  the  mag¬ 
netic  exponent  between  the  initial  and  final$states,  based 
on  the  property  of  invariance  of  rotation  and  reflection 

space,  ’  V:.. . . . . 


#»($#)  J  +  F s(£g)W. : 


(IV) 


T«  ma  (17).  the  second  form  should  he  zero,  i _ 

SPa}feh»ea  P»udo-veotor  r^ld^f  nuclei  s’)0 

relative  momentum  of  the  neutron  ana  ^  2Qro#  p 

areS functions  of  the 

h!4e  different  forms  because  of  the  different;  proper  ox 

their  atomic  nuclei#  _ - 

In  the  same  way  ,  we  obtain 
|al_:Sp«r.a'-01 


(18) 


^L_Sp  atrib*  —  FtOaSt 

in  h.B<r.frt*B+  -iF.(E*)B*®4 **? » 

*  “..■  ■■  '  _ _ _ — riry r±rr  4*^/3 


where  F.,  ^^reriTP7lT«^I“  d(^^h° 

properties  If  atomic  nuclei.  /romBq.  (15)und  Eq.  (17), 
we  see  that  we  met  find  the  following  forme, 

(1)  8pd(i+w,«*,)*>, 

(2)  SpB.(l+«v*^B*,  (19J 

(») 

ileo,  we  have  to  find  the  following  -  for  the  polarisation 
of  the  neutron 
(4)  Bpd(l 

C6>  spdci+w^B-r.  ■  ona 

Ce)SjpBxCi+‘%*^»+*  {  i 

“  r-f^iSrS-SHw^*- 

S“|'£r2rr 

polarisation  of  the  nuclear  neutron# 

«-  Mi rm«  Mti  Meson  Cap*”™  by  the  Proton 

tain £ 
self-spin  expression,  it  is  a  simple  matter  to  g  t  , 

(SI) 

From  Eq.  (21),  we  immediately  arrive  at  the  function  of 
Eq.  (17)  and  Eq.  (18)  t  jFt-F,-i,  *»~®»  .  . 

Fa-F.-l,  JtejjgO. 
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TT 


;y^v 


In  ©*„  CIS)#  W®  still  must  wake  a  minor  correction  -- 
when  the /»r  meson  Is  captured  by  the  proton,  the  final 
i  state  consists  only  of  a  neutron  and  a  neutrino  (no  residual 
nuclei  remain),  and  its  energy  satisfies  the  relationship 

'  (23) 

When  we  calculate  the  state  number  of  the  final  state,*© 
should  not  re-integrate  into  it  the  term  dPja/(2'K)°*  The 
probability  formula  which  should  be  used  is. 


(24) 


iProm  Eq*  (17),  Bq,  (18),  Bq.  (24),  and  Appendix  I,  we  can 
[get  the  probability  of  the /u*  meson  capture  by  the  proton, 


where 


and,  therein. 


(25) 

(26) 

(27) 

(28) 


If,  in  Bq.  (25),  Eq*  (26),  and  Eq.  (27),  we  let  f» 
equal  f-X.,  and  disregard  all  terms  which  relate  to  f,  we 
will  get  the  results  in  our  earlier  work.  In  this  paper 
we  consider  not  only  the  effects  of  the  Beta-magnetic  moment, 
but  also  the  effects  of  the  pseudo-scalar  coupling  due  to 
the  regulated  effect.  From  Eq.  (26)  and  Eq.  (27),  we  can 
see  that  if  f *  and /Oh  are  positive,  then  the  effect  would 
be  to  increase  the  co-efficient  of  angular  relationships, 
and  to  decrease  the  probability  of  capture.  Prom  the  pre¬ 
sent  experimental  materials,  we  know  the  value  of  I  Is 

Seater  than  1+3  >£  (approximately  0.4-1  times  greater),  — 
See  Note  /.  This  shows  that  f *  is  either  quite  small,  or 
might  even  be  negative.  This  does  not  match  the  estimate 
of  f  *  In  Eq.  (2)  by  using  the  spectrum.  The  estimate  of  f  * 
by  using  spectral  analysis  is  a  very  large  positive  value. 
Simultaneous  experiments  to  study  the  probability  of  capture 
and  the  angular  relationships  —  i.e,,  determine  the  value 
of  I  and  att  the  same  time  —  would  help  to  clear  up  this 
problem.  _ 

(/"Note  7  the  comparison  with  experiments,  we  as¬ 
sume  the^Ferrai “Universal  Interaction  to  be  correct,  and  the 
coupling  constant  due  to  change  of  energy  not  large.  Then, 
the  values  of  g  and  X  are  the  same  as  those  developed  in  the 
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Beta-deoay.).^^  ^  finding  the  formula  for  neutron  polar¬ 


ization,  we  get 


where 


(28) 


«-2[x(X+i)+|x+BmW0^  (29) 

*</*+m0+|  C/*+#0  ]  - 

i'  -  mfi *j Mi  *  (so) 

6-2[x»~X+|-M,(X-l3r-f /’(x+f/*)  “f  (X+f /*)]  * 

-ai(x-i)(x+f  4*"  (l^+l)(x+¥^j]  “ 

-2(x+|-M,)(x~l-f-f/,)>  _  l31) 

HoWd®  in^.  T^8)»  n  represent  a  the  ^ov" 

ing  direction.  It  has  direction  opposite  to  that  of  the 
neutron.  So,  the  sign  for  a  is  not  the  same^here  as  that 
in  equations  developed  by  Bayevsky  and  Attt* 

that  time  we  used  n  to  represent  the 
tion.  Furthermore,  Eq.  (29)  and  Eq«  (31)  are 
our  1958  work.  This  is  the  result  of  different  handling 
techniques  for  terms  of  higher  powers.  Therefore,  the  for¬ 
mulae  we  have  presented  in  this  paper  are  accurate  up  to_ 
This  is  then  more  accurate  than  what  we  have  done  pre¬ 
viously.^  s@e  that  if  fi  and  />i  have  positive  values, 
then  their  interaction  will  mutually  increase  in  the  co-ef- 
fleient  b,  and  will  partially  cancel  each  other  out  in  a  . 
and  o. 

a  Meson  Capture  bv  the  Radon  Nucleus 

Before  we  go  into  the  complicated  nucleus,  we  will 
first  discuss  a  simple  nucleus  of  the  Radon  atom,  under 
these  simplified  circumstances,  we  see  certain  properties 
of  the  A"  meson  capture  by  the  nucleus. 

In  the  oase  of  a  radon  nucleus,  since  the  sum  of  self 
spin  is  constant,  the  two  neutrons  of  the  final  state  are 
either  in  the  self-spin  triple  states  or  in  the  self-spin 
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oincOA  state.  Let  <p_,  &*-»  *P  a*  be  ^be  final  state  neutron 

in  the  single  state,  triple  ®ta^® ?heir°° 
wave  functions,  respectively?  let  X-,  Xfc,  he^tneir 
self-spin  wave  functions,  respectively.  We  will  disreg 
the  tension  force  (l.e.,  the  D  wave  in  the  basic  state  of 
the  radon  nucleus.  Prom  Eq*  (12),  we  get 


(32) 


where 


(33) 


r  is  the  relative  co-ordinates  of  the  nucleus.  Prom  the 
"self -spin  space,  we  can  Show_;t)iat  ^ 

. ,V*V„'  p  F*  ‘  J  i:  '"'t  ‘  'U-  ^ 4 

■  K. ’ :  ! 

4'e'i*Va^*»jg(So-i+2ef*'4'^Wi  *  ^s)*  J.H  j 

SfJw^W^Ol - <rt<$4-«r, .«r9> * |j|(*#t«~a«Vr 8*{w, * **)  V  (34)  j 
Substituting  Eq.  (32)  and  Eq.  (34)  for  Bq*  (17)  and  Eq.  (18), 

iwe80t  ■  ■.  '  ■■•■" 

:  .  (35)  ; 

;  .  •  -V/\V*V  ’  •.  ••  •  '  •  . 


*! 


.;  •  ::r  vl 


(36) 


Substituting  Bq.  (35)  and  Eq#  (36)  into  Eq.  (17),  Eq.  (18), 
and  Eq.  (15),  observe  that 


r. .  -■  J; 


After  integrating  the  energy  of  the  neutrino,  we  get 


jrft0»  <i 


(37) 


where 

4-  (i+5) J«+|[8XH3W-/’)+^(/*'*+y/,)]C^«+W.  ( 38) 


i«-f  w#k  , 


!«~  ~S  m^w. 


(40) 


Since  the  values  of/®*k/M  and  k  are  related.  In  Eq, 

(38)  ,  and  Eq.  (39),  we  should  replace  the  @  with  Its  average 

,VftlUe^4berall  and  Wolgenstein  disregarded  the  case  of  Beta- 
magnetic  moment  In  the  calculation  of  the  A'  meson  capture 
by  the  radon  nucleus*  If  we  let/**3*  0,  in  Eq#  (38)  and  Eq. 

(39) ,  and  disregard  the  higher  order  of  infinitesimals  — 
i.e.,  all  terms  proportional  with  (5^  —  then  our  formulae 
agree  with  tfberall  and  Wdlgensteln,  so  we  need  not  repeat 
them  here.  Notice  that  the  Beta-magnetic  moment  can  alter 
the  values  of  ID  and  a0  up  to  approximately  20£.  Iif  and 
I*jj  have  been  integrated  into  the  uberall-Wolgenstein 

f  # 

In  the  same  way,  we  can  find  the  neutron  polariza¬ 
tion  equation 

|  j„ci-K»Pr.«pt/p.)<«-t>  (41> 

where 


:■  (49) 

^(4,4*9  R®  I'#)  Ii()| 

i -|s{ o*>+/')(x+|#4')  (i?,+ 2  &• in *(*+§ ( 43  ] 
c»|(A+|#'){(x-|/)(4+3BeI#)  +(l+|)R«(aJlt+I-)} ,  (44) 

i—- |(l+|X)'+|*‘')I“("»+J-)-  (45) 
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In  Eqa.  (42)  to  (45),  let/?«0,  and  we  will  obtain 
the  results  which  have  already  been  achieved  earlier* 

In  the  same  way,  we  can  calculate  the  difference  of 
the  probability  of  A" meson  capture  under  dissimilar  hyper- 
fine  conditions*  let X+ and X-be,  respectively,  the  prob¬ 
abilities  of /£ meson  capture  in  F  3/2  and  F  1/2.  F  is  the 
total  angular  momentum  of  the /»r  me  son.  Then,X~  2/3\£l/3X+ 
can  be  taken  as  the  average  capture  probability,  and  we 
easily  arrive  at  _ ; .. 


(4?) 


where 


(48) 


If  we  do  not  consider  the  mutual  interaction  of  neu¬ 
trons  in  the  final  statiy  then  Isg  1^.  Hence, 


(47*) 


where 


sags-; 

■<s4. 


(48*) 


If  we  let /t*0,  we  will  arrive  at  the  conclusions  of 
the  Bernstein  Equation. 

For  other  atomic  nuclei,  if  we  use  the  Fermi  gas 
model,  we  will  get 


(49)  ! 

Where  I  is  the  self-spin  of  the  atomic  nuclei,  L  is  the 
angular  momentum  of  the  proton  in  the  initial  orbital  state  * 
b  and  a  are  given  in  the  Appendix  Hi 


|r§jp§ 
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Z  is  the  eharge  of  the  atomic  nuclei,  £  is  one  factor  in 
the  Pauli  interaction.  In  cases  where  we  disregard  the 
Beta-magnetic  moment,  we  will  see  how  Eq.  (49)  derives  from 
ttberill  and  Wolgenstein*  When  we.  find  Eq.  (49),  we  can  use 
a  technique  similar  to  that  employed  by  Bernstein-Primakoff  • 

Prom  Eq.  (48’),  we  can  see  that  if  f*  is  very  small 
or  negative,  then  because  of  interaction  of  the  Beta-mag- 
netic  moment,  both  a  and  b  will  increase  about  20$,  and 
their  ratio  will  remain  relatively  unchanged.  If£f*  is 
positive  and  very  large,  then  it  is  possible  to  diminish 
this  difference. 

5.  Mims  Mu  Meson  Capture  by  Atomic  MUClel 

Since  we  lack  a  complete  understanding  of  the  struc¬ 
ture  of  atomio  nuclei,  and  without  accurate  wave  functions 
of  the  atomic  nuclei,  it  is  impossible  to  accurately  calcu¬ 
late  the/dr  meson  capture  by  atomic  nuolei. 

There  has  already  been  some  work  done  in  hypothesiz¬ 
ing  that  we  can  use  the  Permi  gas  model  or  the  independent- 
particle  model  as  approximations  upon  which  to  calculate  the 
probability  of/d<“ meson  capture  in  atomio  nuclei.  In  none 
of  this  work  were  the  effects  of  the  Beta-magnetic  moment 
considered. 

In  this  section  we  shall  use  the  independent-particle 
model.  Blokhintsev  and  Dolinsky  used  this  model  to  calcu¬ 
late  the/6,  meson  capture.  We  will  use  their  computational 
results  in  our  calculations. 

Based  on  the  work  of  Blokhintsev  and  Dolinsky,  we 
have  the  following  conclusions  about  the  P^  functions: 

\Fi-F9,  F,-0, 

The  inter-relationships  of  the  Blokhintaev-Dolinsky 
functions  A0,  A^,  Ag,  B0,  B^,  and  Bg,  and  the  functions  P. , 
are  as  follows: 


1-0,1, 8. 


(50) 


Prom  Eq*  (50)  and  Eq.  (49),  we  can  express  the  probability 
and  the  angular  relationships  of  the  XT  meson  capture  by  the 
atomic  nucleus  as  follows:  .  *■  ,„  u  ,  r  „ 
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where 


(52) 


Blokhintsev  and  Dolinsky  calculated  the  A-j^Ejj)  and 
Bn (%)  functions  of  the  Ca*10  and  0**  nuclei.  We  need  only 
change  the  co-efficients  preceding  An  and  in  order  to 
determine  the  contribution  of  the  Beta-magnetic  moment. 


APPENDIX  I 

(1)  |sp  (*-*„•»),  :  > 

(2)  isp  B ♦ 

'  .  •  ‘  •  I  l 

+  [x*+X^(2M*+/')+y(M’’~-|'^,,)]pM*n}  ’  : 

(3)  |-Sp  :  ;  ^  . 

(4)  isp  [A(l+«V*.)®+“  B  (1 +<V*J,).4+]  -  <  ^ +-2  XX+^  )*'  *  ”’ 

‘  ■  ^  ‘ -  "  ^  ..  1  1  .•  ’  .  ,  .  v; 

[5>  ~Sp  Bx(l+®i*,I,»)®+*1' 

*f .•  J _ -  ‘ 


APPENDIX  II 

Under  varying  experimental  conditions ,  the  atomic 
weight  of  the/T  meson  in  the  hyperfine  nuclear  structure 
may  be  different*  In  addition,  in  the  polarized  target 
experiment,  the  (srp)  system  in  the  initial  state  may  also 
vary  according  to  differing  conditions  and  experimental 
techniques*  Under  the  most  usual  circumstances,  the  initial 
state  density  of  the  orbitals  would  have  the  following  forms 

where  Pr,  IS  the  polarized  vector  of  the  proton  In  the  ini¬ 
tial  st&te,  The  magnitude  of  t  is  related  to  the  atomic 
weight  of  the  (>“p)  system  in  different  hyperfina  ‘structures# 
We  shall  not  discuss  the  magnitudes  of  and  g  *  But, 

ws  will  use  the  P  to  calculate  the  probability  of  A“ meson 
capture  by  the  proton,  angular  relationships,  and  the  neu¬ 
tron  polarization*  When  we  compare  the  theoretical  and  the 
experimental  aspects,  we  should  Judge  the  magnitudes  of  £*.» 
P»,  and  £ »  based  on  the  whole  body  of  experimental  condi¬ 
tions*  This  is  a  complicated  problem  and  we  shall  not  dis¬ 
cuss  it  here# 
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The  confutation  is  as  follows: 

1*  Probability  of  capture  and  angular  relationships. 


where 


i«»  i~x*  4*~/&(V +/*)  *-^~(/*~  V*)» 


Jptpi  (i+f)  Jffif| 


2.  Heutron  Polar! nation 

I(i-dP;*ffl~yPp*n<tr>^C»+iJV.<»t^*»!la4-dF.+^ 
where  _  ,. 

s-sfxcx^^flx+^HX+AiV^-f  f*  '  | 

-# + f  )* + 1X' + -  -t^*]  1 

;  •'■■;  I  •  '  C«.2/5(^+/!){X4-|fl,-|-/!)  ,  ''■/,;  -■■■*■  .  j  .  ' 

^  '..  T ’ ' V'-  .V -"  ■■  '^V" '  '  :-v;""'  '■"/" ■  ■'  -■ , ';.' '. 

; /v  ..^  :;v;;. . ]  ' 

.\i-  . 

Under  normal  circumstances,  dw  denotes  the  factor 
of  probability  (l/4*r){#a §)"*  of  the  ,&  meson  in  the  nucleus 
which  should  be  replaced  by  I$»(0)|*  ,  where  f  (r )  is  the 
wave  function  of  the  /*-  meson*  “* 

When  the  A"  meson  atom  is  in  the  hyperfine  state  F=l, 
Its  capture  probability  A+ean  be  ascertained  from  the  above  - 
equation  —  if  we  let  £=*1/3. 

When  expressing  ?W,  we  disregard  all  those  terms  pro- 


portional  toS‘.  to*  t»-l.  «4  «  *£J  «•»  toe  probability 
of  A- of  the  /ormeson  capture  in  the  state  of  F=OJ 

|  X_«>  (1+ 8X)»  -t-  |S<1+ 8  X+ 8p'.+ BV  ■fX^’ 

Using  the  above-mentioned  A+and  X<-wa  now  ©WM* 


i-4, 

X  • 


where 


:•>>>  ■■^■'  ill; .  :-j1 

In  the  above  equations,  we  disregarded  all  terms 
proportional  tofi*-*  In  the  above,  althcw^h  we  only ^obtain 
the  probability  of  the/«r  capture  by  the  proton  in  the  hyper- 
fine  state,  if  we  assume  the  accuracy  of  the  Fermi  gas  model 
approximation,  then  we  can  obtain  Eq*  (49)  in  section  four# 
The  a  and  b  in  Eq.  (49)  agree  with  the  a  and  b  found  above 
in  the  /&  capture  by  the  proton* 
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